Summary. Boar spermatozoa accumulated zinc when stored in vitro in contact with boar seminal plasma. Zinc uptake was much more rapid when the spermatozoa were stored at 5\ s=deg\C than when stored at 30\s=deg\C.
INTRODUCTION
Boar spermatozoa to be used for artificial insemination are damaged by in-vitro storage much more readily than spermatozoa from the bull. Even short-term storage causes a substantial loss in fertility (Stratman, Self & Smith, 1958; First, Stratman & Casida, 1963) . Boar spermatozoa are infertile after freezing and thawing (Polge, 1956; Settergren, 1958) , while bull spermatozoa maintain good fertility. Under appropriate conditions the membranes of spermatozoa are remarkably permeable even to some relatively large molecules such as cytochrome c and hyaluronidase (Mann, 1951) . The common means of storage require lowering of the temperature which can cause cold shock, a process believed to damage the membranes (Mann, 1964) .
We were interested in the content of some trace-mineral elements, particularly zinc, in boar spermatozoa at ejaculation and during in-vitro storage. It was thought that zinc or some zinc-containing constituent might be lost or taken up and that this might affect the motility or fertilizing ability of the cell. Our studies revealed an extensive uptake of zinc by spermatozoa during storage and this phenomenon was investigated.
In many species, components of the male reproductive tract contain much more zinc than do other tissues (Vallee, 1962) ; however, the function of this zinc is not known. There are indications that zinc is important to spermatozoa.
In starfish spermatozoa, release of zinc in small quantities into the sea water has been implicated in the initiation of motility (Fujii, Utida & Mizuno, 1955) . Amino acids in the media of sea urchin spermatozoa help to prevent the deleteri¬ ous effects of dilution, an effect believed to depend primarily on metal-binding capacity of the amino acids (Tyler & Rothschild, 1951 (Mann, 1964) or bull (analyses from this laboratory) semen which contain approximately 10 ßg zinc/ml and human semen containing from 50 to 200 µg zinc/ml (Bertrand & Vladesco, 1921 (Lardy & Phillips, 1943) , which damage by poisoning several enzyme systems, did not accelerate uptake. All these treatments made the cells immediately immotile. Filipin (Demel, van Deenen & Kinsky, 1965) and digitonin (Cooper & Lehninger, 1956 ) are known to damage cell membranes apparently by specific interaction with sterols.
We believe that membrane damage exposes strong binding sites for zinc and thereby causes boar spermatozoa to accumulate zinc from seminal plasma. The fact that a similar accumulation of zinc occurs after 'cold shock' (storing at 5°C or freezing, followed by storage at 30°C ) makes us believe that membrane damage may also occur under these conditions.
It is possible that this phenomenon might be used as an indication of membrane damage to stored boar spermatozoa. Morton ( 1965) found that filipin and digitonin at the levels used here damaged the membranes of bull spermatozoa so that they stained 'dead' with 'live-dead' stain, but that the cells were still capable of respiration and oxidative phosphorylation. In the present studies 'live-dead' staining techniques (Eosin Y-Opal Blue, also Erythrosin B-Fast Green FCF) gave equivocal results, as were also observed with boar sperm by Shelby & Foley (1964) .
Because added 65Zn was taken up at a rate similar to that for zinc already in the seminal plasma, it appears that added 65Zn ions quickly equilibrated with zinc of the seminal plasma.
Preliminary work showed that magnesium content did not change in either spermatozoa or seminal plasma during storage at 5°C. Therefore this pheno¬ menon is not general for all divalent cations.
Other types of cells have been shown to take up added zinc when studied in vitro. Sastry, Viswanathan, Ramaiah & Sarma (1960) found that equine erythrocytes accumulated 65Zn from iso-osmotic NaCl. Most of the zinc was bound strongly to intracellular proteins. Puffer fish liver slices have also been found to accumulate added zinc (Saltman & Boroughs, 1960) . In neither study was membrane integrity implicated, but the present studies suggest that this may have also been important in those systems. In the present studies with spermatozoa the zinc was accumulated from a biological secretion rather than from an artificial medium. 
